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IMAGE FORMING METHOD OF THERMAL 
TRANSFER PRINTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image forming method 
of a thermal transfer printer, and particularly to an image 
forming method of a thermal transfer printer in Which a color 
image having multistage gradations is recorded by using 
resin-based inks. 

2. Description of the Prior Art 
In general, in a thermal transfer printer, a paper is sup 

ported in front of a platen, and a thermal head having a 
plurality of heating elements formed thereon is mounted on 
a carriage. Under the condition that an ink ribbon and the 
paper are sandWiched betWeen the thermal head and the 
platen, the thermal head is reciprocated along the platen 
together With the carriage to supply the ink ribbon. The 
heating elements of the thermal head are selectively ener 
giZed based on recording information to partly transfer inks 
of the ink ribbon onto a paper, thereby resulting in an image 
such as a desired character being recorded on the paper. 
Such thermal transfer printer is considerably Widespread as 
an output apparatus for a computer, a Word processor or the 
like because it is high in recording quality, loW in noise, loW 
in cost and is easy in maintenance. 

As a conventional thermal transfer printer, there is knoWn 
a thermal transfer printer in Which an ink ribbon having a 
Wax-based ink With fusion property coated on base such as 
a plastic ?lm is used to record an image on a paper. Then, 
When an image having multistage gradations is recorded by 
using such Wax-based ink, there is used a dither method or 
the like. Recently, in accordance With an increasing demand 
of a color image having a higher resolution, by controlling 
energy to energiZe heating elements of a thermal head to 
adjust heat energy applied to inks and controlling fused areas 
of inks in response to image information, an image having 
multistage gradations is recorded on a micro-porous paper in 
Which a micro-porous layer, each pore having a diameter of 
2 to 10 pm, is formed on the surface. 

HoWever, in the conventional thermal transfer printer, 
When an image is recorded by using the above-mentioned 
Wax-based ink, since the ink itself is soft, if a recorded image 
is rubbed, then the recorded image is deteriorated. 

Moreover, When the micro-porous paper is in use, the ink 
is permeated into the micro-porous layer so that a clear 
image cannot be obtained due to the in?uence of the surface 
characteristic of the micro-porous paper. 

Moreover, it has been proposed that an image is recorded 
by using an ink ribbon having a resin-based single-layer ink 
layer. When an image is recorded by using this resin-based 
ink, although a problem in Which a recorded image is 
deteriorated by rubbing can be solved and a clear image 
having an excellent fastness can be obtained, the resin-based 
ink is poor in transfer sensitivity as compared With the 
WaX-based ink so that an accurate transfer cannot be 
obtained particularly in the loW-density portion. As a result, 
a jaggy is produced in the recorded image due to a transfer 
failure or the like. There is then the problem that a clear 
recorded image cannot be obtained. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an image 
forming method of a thermal transfer printer in Which an 
image can be accurately transferred even onto a loW-density 
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2 
portion by using a resin-based ink having an eXcellent 
fastness and in Which a clear image having multistage 
gradations can be recorded. 

That is, in an image forming method of a thermal transfer 
printer in Which a dither matriX comprised of a plurality of 
dots are used to record one piXel and a plurality of heating 
elements of a thermal head are selectively energiZed to 
change dot diameters to transfer resin-based inks onto a 
paper, thereby recording an image having multistage 
gradations, the image forming method of a thermal transfer 
printer is characteriZed in that a threshold value of the dither 
matriX in one piXel is arranged such that each dot is 
sequentially plotted in the scanning direction of the thermal 
head. 

Then, it is another object of the present invention to 
provide an image forming method of a thermal transfer 
printer using the above-mentioned arrangement in Which 
dots are continuously formed in one piXel and a clear image 
in Which dots are satisfactorily made continuous can be 
recorded ef?ciently so that, even When the resin-based ink is 
used, a proper and clear image having multistage gradations 
can be recorded. 

Further, in an image forming method of a thermal transfer 
printer according to the present invention, the order in Which 
each dot betWeen respective piXels is plotted is comprised of 
threshold values continuous in the scanning direction of the 
thermal head. 

Then, it is a further object of the present invention to 
provide an image forming method of a thermal transfer 
printer in Which dots can be continuously formed betWeen 
the piXels so that a clear image in Which respective piXels are 
satisfactorily made continuous can be recorded ef?ciently. 

Further, in image forming method of a thermal transfer 
printer according to the present invention, a color image is 
recorded by resin-based inks of at least three colors of cyan, 
magenta and yelloW. 

Then, it is a still further object of the present invention to 
provide an image forming method of a thermal transfer 
printer in Which a full color image can be properly recorded 
by the resin-based inks of at least three colors of cyan, 
magenta and yelloW. 

Further, in an image forming method of a thermal transfer 
printer in Which a dither matriX comprised of a plurality of 
dots are used to record one piXel and a plurality of heating 
elements of a thermal head are selectively energiZed to 
change dot diameters to transfer resin-based inks onto a 
paper, thereby recording an image having multistage 
gradations, the image forming method of a thermal transfer 
printer is characteriZed in that an image is recorded in 
response to gradations Without using a dither matriX of a 
threshold value in Which an energiZation time of the thermal 
head becomes discontinuous. 

Then, it is a still further object of the present invention to 
provide an image forming method of a thermal transfer 
printer in Which gradations can be accurately eXpressed in 
proportion to an energiZation time of a thermal head and an 
image having multistage gradations can be recorded prop 
erly. 

Furthermore, in image forming method of a thermal 
transfer printer according to the present invention, a color 
image is recorded by resin-based inks of at least three colors 
of cyan, magenta and yelloW. 

Then, it is a yet further object of the present invention to 
provide an image forming method of a thermal transfer 
printer in Which a full color image can be properly recorded 
by the resin-based inks of three colors of cyan, magenta and 
yelloW. 



US 6,226,021 B1 
3 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory diagram showing a dither matrix 
of cyan used in an image forming method according to an 
embodiment of the present invention; 

FIG. 2 is an explanatory diagram shoWing a dither matrix 
of magenta used in an image forming method according to 
an embodiment of the present invention; 

FIG. 3 is an explanatory diagram shoWing a dither matrix 
of yelloW used in an image forming method according to an 
embodiment of the present invention; 

FIG. 4 is an explanatory diagram shoWing the manner in 
Which a thermal head is energiZed under control in an image 
forming method according to the present invention; 

FIG. 5 is a characteristic graph shoWing a relationship 
betWeen gradations of color dither matrixes of cyan and 
magenta and corresponding energiZation times of a thermal 
head; 

FIG. 6 is a characteristic graph shoWing a relationship 
betWeen a gradation of color dither matrix of yelloW and 
corresponding energiZation times of a thermal head; 

FIG. 7 is a characteristic graph shoWing measured results 
obtained by correcting a relationship betWeen a gradation of 
the dither matrix and energiZation time of a thermal head 
shoWn in FIG. 5; 

FIG. 8 is a characteristic graph shoWing measured results 
obtained by correcting a relationship betWeen a gradation of 
the dither matrix and energiZation time of a thermal head 
shoWn in FIG. 6; 

FIG. 9 is a characteristic graph shoWing a relationship 
betWeen gradations of color dither matrixes of cyan and 
magenta and corresponding energiZation times of a thermal 
head obtained When a discontinuous portion of an energi 
Zation time is removed in an image forming method accord 
ing to the present invention; 

FIG. 10 is a characteristic graph shoWing a relationship 
betWeen a gradation of color dither matrix of yelloW and 
corresponding energiZation times of a thermal head obtained 
When a discontinuous portion of an energiZation time is 
removed in an image forming method according to the 
present invention; 

FIG. 11 is an explanatory diagram shoWing each dither 
matrix of cyan in an image forming method according to the 
present invention; 

FIG. 12 is an explanatory diagram shoWing each dither 
matrix of magenta in an image forming method according to 
the present invention; and 

FIG. 13 is an explanatory diagram shoWing each dither 
matrix of yelloW in an image forming method according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An embodiment according to the present invention Will 
hereinafter be described With reference to FIGS. 1 to 13. 

FIGS. 1 to 13 shoW an image forming method according 
to an embodiment of the present invention. In this 
embodiment, When a full color image is recorded on the 
basis of image information inputted from a suitable device 
such as a host computer and an image reader, image infor 
mation is color-separated to provide image information of 
each color of cyan, magenta and yelloW, and each heating 
element of a thermal head is energiZed under control of 
recording information of each color, and inks of respective 
colors of cyan, magenta and yelloW are sequentially 
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transferred, thereby resulting in a full color image being 
recorded. In this case, according to this embodiment, the 
inks of respective colors might be resin-based inks. 

Then, in this embodiment, When such a full color image 
is recorded, a full color image is recorded in a multistage 
gradation recording fashion by pixels using dither matrixes. 

That is, FIGS. 1 to 3 shoW dither matrixes of pixels of 
respective colors. As shoWn in FIG. 1, a dither matrix 1 of 
color of cyan comprises 10 dots 2 in Which one dot 2 is 
added to one upper portion of 3x3 dots 2. A pixel of the 
dither matrix 1 of such shape is continuously recorded, 
Whereby a color of cyan is recorded With a rightWardly 
descending screen angle of —18.4°. 
As shoWn in FIG. 2, a dither matrix 1 of color of magenta 

comprises 10 dots 2 in Which one dot 2 is added to one loWer 
portion of 3x3 dots 2. A pixel of the dither matrix 1 of such 
shape is continuously recorded, Whereby a color of magenta 
is recorded With a rightWardly-ascending screen angle of 
18.4°. 
As shoWn in FIG. 3, a dither matrix 1 of yelloW comprises 

13 dots 2 in Which 2><2 dots 2 are added to upper portions 
of 3x3 dots 2. A pixel of the dither matrix 1 of such shape 
is continuously recorded, Whereby a color of yelloW is 
recorded With a rightWardly-ascending screen angle of 
563°. 

Further, in this embodiment, by changing the diameter of 
the dot 2 recorded on the dot 2 of each pixel, it becomes 
possible to effect the recording of 15 gradations in one dot 
2. 

FIG. 4 shoWs the manner in Which an energiZation of a 
thermal head is controlled in order to execute a multistage 
gradation. In this embodiment, by controlling an energiZa 
tion time of a thermal head in 15 stages, a temperature of the 
thermal head is controlled. An ink transfer amount is 
adjusted by controlling the temperature of the thermal head. 
That is, When the energiZation time of one dot 2 is decreased, 
the temperature of the thermal head increases very slightly 
in excess of the transfer energy so that the ink transfer 
amount decreases. Conversely, When the energiZation time 
of one dot 2 increases, the temperature of the thermal head 
considerably increases in excess of the transfer energy so 
that the ink transfer amount increases. Thus, When the 
energiZation time of one dot 2 is controlled as described 
above, the diameter of the dot 2 being recorded can be 
controlled in 15 stages by controlling the ink transfer 
amount. 

As described above, in this embodiment, one dot 2 can be 
recorded in 15 gradations. Assuming that n is the number of 
dot 2 in one pixel, then the number of gradations 1 can be 
expressed from a theory standpoint by the folloWing equa 
tion: 

Since the number n of the dot 2 in one pixel of colors of 
cyan and magenta are 10, it is possible to effect the recording 
expressed as: 

10><15+1=151 gradations 

Also, since the number n of the dot 2 in one pixel of color 
of yelloW is 13, it is possible to effect the recording 
expressed as: 

13><15+1=196 gradations 

FIGS. 5 and 6 shoW a relationship of energiZation times 
of the thermal head corresponding to the gradations of dither 
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matrixes 1 of colors of cyan, magenta and color of yellow. 
A study of these characteristic graphs reveals that, although 
the energiZation time of the thermal head should become 
proportional to the gradations of the dither matrix 1, heat is 
accumulated in a substrate or the like because of the ener 
giZation of the thermal head and therefore heat accumulated 
therein should be corrected. When the accumulated heat is 
corrected by controlling the energiZation time of the thermal 
head, there is produced a portion in Which the energiZation 
time of the thermal head becomes discontinuous in response 
to the gradations of the dither matrix 1. As a consequence, 
even When the energiZation time of the thermal head is 
controlled, there is then the problem that the gradation of the 
dither matrix 1 cannot be recorded smoothly. 

FIGS. 7 and 8 shoW relationship of the gradation of dither 
matrix 1 and the energiZation time of the thermal head 
obtained When the accumulated heat is corrected by chang 
ing a set value in order to remove the portions in Which the 
energiZation times of the thermal head become discontinu 
ous shoWn in FIGS. 5 and 6. A study of these characteristic 
graphs reveals that, although the portions in Which the 
energiZation time becomes discontinuous can be removed, 
there is then the problem that a jaggy is produced in other 
normal portions, thereby making it impossible to smoothly 
record all gradations. 

Therefore, according to this embodiment, as shoWn in 
FIGS. 9 and 10, by changing the set value of the energiZation 
time of the thermal head, the energiZation time can be 
controlled in such a manner that a discontinuous portion of 
energiZation time is removed so that only a portion in Which 
an energiZation time is continuous is used relative to the 
gradation. Accordingly, although the number of gradations 
that can be recorded decreases relative to the energiZation 
time, gradations can be expressed accurately in proportion to 
the energiZation time. When the energiZation time is con 
trolled as described above, as mentioned before, the respec 
tive colors of cyan and magenta having 151 gradations can 
be recorded from a theory standpoint. In actual practice, 
cyan and magenta having approximately 110 gradations can 
be recorded. Although the color of yelloW having 196 
gradations can be recorded from a theory standpoint, the 
color of yelloW having approximately 108 gradations can be 
recorded in actual practice. 

Further, in this embodiment, as shoWn in FIGS. 11 to 13, 
the threshold value of the dither matrix 1 in one pixel is set 
in such a manner that the respective dots 2 are sequentially 
plotted in the scanning direction of the thermal head. 
Further, in this embodiment, the order in Which the dots 2 are 
plotted as described above is comprised of threshold values 
continuous in the scanning direction of the thermal head, 
betWeen the respective pixels. 

Speci?cally, in the dither matrix 1 of the color of cyan, as 
shoWn in FIG. 1, since each pixel has the screen angle in 
Which each pixel is shifted by one dot each in the 
rightWardly-descending direction, the dot 2 is sequentially 
plotted from the dot 2 at the loWermost column to the 
scanning direction of the thermal head. Therefore, in the 
respective pixels, as shoWn in FIG. 11, the above-mentioned 
plotted order is comprised of threshold values continuous in 
the scanning direction of the thermal head. 

In the dither matrix 1 of the color of magenta, as shoWn 
in FIG. 2, since each pixel has a screen angle in Which each 
pixel is shifted by one dot each in the rightWardly-ascending 
direction, the dot 2 is sequentially plotted from the dot 2 at 
the uppermost column in the scanning direction of the 
thermal head. Therefore, in the respective pixels, as shoWn 
in FIG. 12, the above-mentioned plotted order is comprised 
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6 
of threshold values continuous in the scanning direction of 
the thermal head. 

Further, in the dither matrix 1 of the color of yelloW, as 
shoWn in FIG. 3, since each pixel has the screen angle in 
Which each pixel is shifted by three dots each in the 
rightWardly-ascending direction, the dot 2 is sequentially 
plotted in the upper direction such that the dot 2 is plotted 
from the dot 2 on the second column from beloW, then the 
dot 2 is plotted from the dot 2 on the loWermost column from 
beloW and then the dot 2 is plotted from the dot 2 on the third 
column from beloW. Accordingly, in the respective pixels, as 
shoWn in FIG. 13, the above-mentioned plotted order is 
comprised of threshold values substantially continuous in 
the scanning direction of the thermal head. 

In this case, according to this embodiment, since the 
resin-based ink is used as the transfer ink, an ink transfer 
sensitivity is loW as compared With the case in Which a 
Wax-based ink is used as the transfer ink. Accordingly, When 
the recording is made in such a manner that each dot 2 of the 
dither matrix 1 is plotted by using the conventional plotting 
means of the dot 2 such as a dot-dispersion type, the dots 2 
are not continuous satisfactorily and the dots 2 Which are 
located at the distant positions are transferred. As a result, 
since the transfer sensitivity is not satisfactory, there occurs 
a transfer failure in Which the ink cannot be transferred to the 
recording paper. Thus, there is obtained only a jagged image. 

HoWever, according to this embodiment, since the thresh 
old value of the dither matrix 1 in one pixel is arranged such 
that each dot 2 is sequentially plotted in the scanning 
direction of the thermal head and the order in Which the dot 
2 is plotted is comprised of the threshold values continuous 
in the scanning direction of the thermal head, betWeen the 
respective pixels, the respective dots 2 can be continuously 
formed in one pixel and betWeen the respective pixels. As a 
result, the respective dots 2 are made continuous smoothly 
so that the respective dots 2 can be properly transferred to 
the recording paper, thereby making it possible to effect a 
beautiful recording With high ef?ciency. 

Therefore, according to the present invention, since an 
image is recorded Without using the dither matrix of the 
threshold value in Which the energiZation time of the thermal 
head becomes discontinuous, the gradations can be 
expressed accurately in proportion to the energiZation time 
of the thermal head. As a consequence, even When the 
resin-based ink is in use, a proper and clear image can be 
recorded With multistage gradations, thereby making it 
possible to considerably improve a recording quality. 

Incidentally, the present invention is not limited to the 
above-mentioned embodiment and may be modi?ed if nec 
essary. 
As described above, in the color image forming method of 

a thermal transfer printer according to the ?rst invention, 
since the threshold value of the dither matrix in one pixel is 
arranged such that the order in Which each dot is plotted is 
sequentially plotted in the scanning direction of the thermal 
head, in one pixel, respective dots can be satisfactorily 
continuously recorded With high ef?ciency. As a result, even 
When the resin-based ink is in use, a proper and clear image 
can be recorded With multistage gradations, thereby making 
it possible to considerably improve a recording quality. 

Also, according to the second invention, since the order in 
Which dots are plotted is comprised of the threshold values 
continuous in the scanning direction of the thermal head, 
betWeen the respective pixels, dots in each pixel can be 
satisfactorily continuously recorded With high ef?ciency. As 
a result, even When the resin-based ink is in use, a proper and 
clear image can be recorded With multistage gradations, 
thereby making it possible to considerably improve a record 
ing quality. 
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Further, according to the third invention, there can be 
achieved the effect in Which a full color image can be 
properly recorded by the resin-based inks of three colors of 
cyan, magenta and yelloW. 

Furthermore, in the image forming method of thermal 
transfer printer according to the fourth invention, since an 
image is recorded Without using the dither matrix of the 
threshold value in Which the energiZation time of the thermal 
head becomes discontinuous, the gradations can be 
expressed accurately in proportion to the energiZation time 
of the thermal head. As a consequence, even When the 
resin-based ink is in use, a proper and clear image can be 
recorded With multistage gradations, thereby making it 
possible to considerably improve a recording quality. 

Furthermore, according to the ?fth invention, there can be 
achieved the effect in Which a full color image can be 
properly recorded by the resin-based inks of three colors of 
cyan, magenta and yelloW. 

Having described a preferred embodiment of the inven 
tion With reference to the accompanying draWings, it is to be 
understood that the invention is not limited to that precise 
embodiment and that various changes and modi?cations 
could be effected therein by one skilled in the art Without 
departing from the spirit or scope of the invention as de?ned 
in the appended claims. 
What is claimed is: 
1. In an image forming method of a thermal transfer 

printer for recording a color image by resin-based inks of at 
least three colors of cyan, magenta and yelloW, said method 
comprising: 

using a dither matrix comprised of a plurality of dots to 
record one pixel; 

selectively energiZing a plurality of heating elements of a 
thermal head, by controlling an energiZation time of 
said heating elements, to change dot diameters of the 
resin-based inks transferred onto a paper, thereby per 
mitting the recordation of an image having multistage 
gradations; and 

arranging a threshold value of said dither matrix in one 
pixel such that each dot is sequentially plotted in the 
scanning direction of said thermal head, 

Wherein a pixel of cyan comprises a dither matrix of 10 
dots in Which 1 dot is added to an upper-right portion 
of a block of 3x3 dots, said cyan color being recorded 
With a rightWardly-descending screen angle, and in 
Which the pixel of cyan is sequentially plotted from a 
loWermost column of the dither matrix relative to the 
scanning direction of the thermal head, 

Wherein a pixel of magenta comprises a dither matrix of 
10 dots in Which 1 dot is added to a loWer-right portion 
of a block of 3x3 dots, said magenta color being 
recorded With a rightWardly-ascending screen angle, 
and in Which the pixel of magenta is sequentially 
plotted from an uppermost column of the dither matrix 
relative to the scanning direction of the thermal head, 
and 

Wherein a pixel of yelloW comprises a dither matrix of 13 
dots in Which a block of 2x2 dots are added to an upper 
portion of a block of 3x3 dots, said yelloW color being 
recorded With a rightWardly-ascending screen angle, 
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and in Which the pixel of yelloW is sequentially plotted 
from a second loWermost column of the dither matrix 
relative to the scanning direction of the thermal head, 
and then from a loWermost column of the dither matrix, 
and then from a third loWermost column of the dither 
matrix. 

2. An image forming method of a thermal transfer printer 
as claimed in claim 1, Wherein said step of arranging 
comprises ordering the plotting of each dot such that said 
order in Which each dot is plotted is comprised of threshold 
values continuous in the scanning direction of said thermal 
head. 

3. In an image forming method of a thermal transfer 
printer for recording a color image by resin-based inks of at 
least three colors of cyan, magenta and yelloW, said method 
comprising: 

using a dither matrix comprised of a plurality of dots to 
record one pixel; 

selectively energiZing a plurality of heating elements of a 
thermal head, by controlling an energiZation time of 
said heating elements, to change dot diameters of the 
resin-based inks transferred onto a paper, thereby per 
mitting the recordation of an image having multistage 
gradations; and 

recording the image in response to multistage gradations 
by using a dither matrix having a threshold value that 
has been adjusted to remove discontinuous portions of 
the energiZation time of said thermal head, 

Wherein a pixel of cyan comprises a dither matrix of 10 
dots in Which 1 dot is added to an upper-right portion 
of a block of 3x3 dots, said cyan color being recorded 
With a rightWardly-descending screen angle, and in 
Which the pixel of cyan is sequentially plotted from a 
loWermost column of the dither matrix relative to the 
scanning direction of the thermal head, 

Wherein a pixel of magenta comprises a dither matrix of 
10 dots in Which 1 dot is added to a loWer-right portion 
of a block of 3x3 dots, said magenta color being 
recorded With a rightWardly-ascending screen angle, 
and in Which the pixel of magenta is sequentially 
plotted from an uppermost column of the dither matrix 
relative to the scanning direction of the thermal head, 
and 

Wherein a pixel of yelloW comprises a dither matrix of 13 
dots in Which a block of 2x2 dots are added to an upper 
portion of a block of 3x3 dots, said yelloW color being 
recorded With a rightWardly-ascending screen angle, 
and in Which the pixel of yelloW is sequentially plotted 
from a second loWermost column of the dither matrix 
relative to the scanning direction of the thermal head, 
and then from a loWermost column of the dither matrix, 
and then from a third loWermost column of the dither 
matrix. 

4. An image forming method of a thermal transfer printer 
as claimed in claim 3, Wherein the threshold value of said 
dither matrix in one pixel is arranged such that each dot is 
sequentially plotted in the scanning direction of said thermal 
head. 


